INTRODUCTION
Oxytetracycline hydrochloride (OTC, Terramycin 1 ) has been used since the early 1950s [7, 10] for the prevention and control American and European foulbrood in honey bees (Apis mellifera L.), which are caused by two species of bacteria, Paenibacillus (Bacillus) larvae and Melissococcus pluton, respectively. It is currently the only Three methods of OTC application have been commonly used: a dusting with OTC in powdered sugar repeated several times at weekly intervals [6, 8] ; a solution of OTC in syrup fed to the bees [4] ; and now most common, an 'extender patty' consisting of OTC, sugar, and vegetable shortening [23, 24] . The syrup formulations are undesirable due to the instability of OTC in syrup [5, 11] , and the dust formulations are unpopular with beekeepers since the requirement for repeated treatments renders them too labor-intensive for convenient use.
Early assays for OTC relied on the inhibition of growth of a test organism, such as Erwinia sp. [6] or Bacillus cereus var. mycoides [13, 22] . While sensitive, bacteriological methods are incapable of distinguishing between antibiotics, nor are they able to assay individual compounds in mixtures. In addition, determinations of tetracyclines by fluorescence measurements of calcium complexes have been used [1] . While more selective than bacterial assays, this method was still not able to distinguish between OTC and other tetracyclines, most of which fluoresce similarly.
High-performance liquid chromatography (HPLC) assays are now the preferred method for analysis of many substances of biological interest. Such methods have allowed both good sensitivity and simultaneous assay of various tetracyclines in honey [2, 14, 15, 17, 18, 20, 21] as well as in other samples, such as milk and meat (for example, see [19] ).
A wide variety of OTC dosages in various size extender patties have been reported in the literature and as unpublished recommendations (see below), but not always with data supporting the efficacy of the dosage given. Furthermore, the amount of the patty actually consumed by the bees, as opposed to being discarded from the hive as trash, is not known. OTC doses have ranged from 200 mg [12] to 1240 mg [23, 24] . Recommendations during the last decade have tended toward a total of 700-1000 mg of OTC/patty, regardless of patty size [3, 16, other unpublished recommendations] . Patty sizes have ranged from 170 g (Mann-Lake product label) to 590 g [3, 16] to 'a wax paper covered patty was kept on the top bars throughout the experimental period' [9] . OTC concentrations in patties range from 1 mg/g to 5.9 mg/g (calculated from references above). This wide variation in both concentration and total dosage makes an analytical method desirable for active ingredient in these products.
A study was conducted to determine the OTC content of commercially-available patties used for foulbrood prevention and control, and to determine the stability of active ingredient in storage. In the case of extender patties, the large amount of grease mixed with the antibiotic and sugar caused difficulties in analyses developed for normal biological matrices. Liquid/liquid partition failed, since thick emulsions resulted on shaking samples with organic solvents and water. A satisfactory separation was achieved by a modification of the matrix solid-phase dispersion technique of Long et al. [14, 15] .
MATERIALS AND METHODS

Reagents and samples
New extender patty mixes were purchased from bee supply companies (Brushy Mountain, Glorybee, Lapp's Bee Supply) or had been in laboratory stock for varying lengths of time. Short storage times were obtained by keeping patties at room temperature (nominally 20-25 °C) for varying lengths of time, then placing them in the refrigerator. Unless otherwise indicated, all were stored at 5 °C, and time at 5 °C was not counted toward 'age'. Oxytetracycline hydrochloride and ethylenediaminetetraacetic acid (EDTA) disodium salt dihydrate (molecular biology grade) were obtained from Sigma. Oxalic acid dihydrate (ACS reagent grade), acetonitrile (HPLC run for each set of extractions and the factor obtained was used for that data set. All concentrations in this paper are expressed as OTC hydrochloride; the concentrations of OTC base would be 92.7% of these values. The retention time of OTC was 3.26 min (eluent ratio of 30:45:25 gave a retention time of 4.4 min, see below), but this became longer as the oxalic acid component of the eluent aged, to the point that the solution needed to be replaced.
Extraction and sample preparation
Initial separations of OTC from patty mixes entailed trituration of a patty sample (0.5 g) with C 18 silica gel (2 g) containing EDTA disodium salt and oxalic acid (0.05 g each) in a glass mortar. This mixture was transferred to a 10-mL plastic syringe barrel containing a 1.5 cm filter paper (Whatman #1). Additional C 18 silica (0.5 g) was used as a dry wash of the mortar, and was then transferred to the syringe barrel. After placement of another sheet of filter paper over the silica, a syringe plunger (without the rubber gasket) was used to compress the packing bed. Isooctane (10 mL) was passed through the column to elute the shortening. Other hydrocarbons such as hexane or heptane would presumably also be suitable. After adding ethyl acetate (2 mL, otherwise the methanol/acetonitrile eluent would not mix with the isooctane on the column, preventing flow), the OTC was eluted into a 50 mL volumetric flask with methanol/acetonitrile (1:1) until the eluate reached the graduation mark. Aliquots of this solution were injected onto the HPLC column.
Since the concentrations of OTC in extender patties are in the range of 1-6 mg/g, the concentration in the eluate solution is also quite large. We did not investigate the detection limits, which would be required for residue assays in honey, for example.
Data reduction and plotting were performed with GraphPad Prism ver. 3.0 (GraphPad Software, Inc. San Diego, CA). grade), and methanol (HPLC grade) were obtained from Aldrich. EDTA acid was a technical grade material ('Cyquest Acid') from American Cyanamid. The C 18 silica gel was salvaged from unused Waters Prep 500 cartridges in laboratory stock. Since this form of C 18 silica is no longer available, Supelclean LC-18 silica (Supelco) was tried and gave similar results.
Aqueous-ethanolic EDTA dipotassium salt was prepared from EDTA acid (29.2 g, 100 mmol), KOH (13.2 g, 200 mmol assuming 85% assay) in water, filtration, and refiltration after several days. Dilution to 200 mL gave a 0.5M stock solution. This stock solution (10 mL) was diluted with water (50 mL), ethanol (190 mL, solution cloudy), and additional water (10 mL, solution clear). The final concentration was thus 19.2 mM EDTA dipotassium salt in 73% (v/v) ethanol. C 18 silica gel was slurried in this solution and the silica was filtered off with suction and dried in air over the weekend.
HPLC conditions
Antibiotic determinations were carried out by injection of antibiotic eluate onto a 3 mm × 250 mm column packed with C 18 silica gel (Supelcosil LC-18-DB, 5 µm particle size, Supelco, Inc., Bellefonte, PA), using a 20 µL injector loop. Eluents were mixtures of methanol-acetonitrile-0.01 M oxalic acid. Initial ratio was 20:30:50 [19] , and some later runs were carried out with a ratio of 30:45:25 (see below). Flow rate was 0.7 mL/min. Antibiotic concentrations were determined with a SpectraSYSTEM UV2000 detector attached to an SP4400 integrator (Thermo Separation Products, San Jose, CA). OTC was determined at a wavelength of 350 nm. Range was 1.0 absorbance units full scale for all analyses. Each point is the average of three injections. Injections of a series of standards in the range of 2 ng-2 µg gave a linear plot with an average detector response near 4 350 detector units/ng for OTC; standards were
RESULTS AND DISCUSSION
Initial experiments indicated that the shortening component of the patty could be eluted effectively with 10 mL of isooctane. The OTC was initially eluted with 10 mL of methanol/acetonitrile (1:1), but additional solvent removed additional analyte. An experiment was performed with duplicate 0.5 g extender patty samples using ten successive 10-mL portions of methanol/acetonitrile, and analyzing each sample twice. The total OTC eluted was 2.922 ± 0.069 mg (mean ± SEM), with 2.794 ± 0.065 mg in the first fraction, 0.100 ± 0.013 mg in the second, and 0.012 ± 0.001, 0.006, and 0.003 in fractions 3-5. The first 5 fractions represented 99.9% of the total removed by all ten fractions, so 50 mL of eluate was chosen for all succeeding analyses.
Recovery of OTC from C 18 silica gel that had not been treated with EDTA/oxalic acid was low and variable (only 1.15-1.55 mg recovered of a 2 mg spike). Difficulties with reproducibility necessitated changes in the method of application of the chelating agents to the silica gel. In the initial method, EDTA and oxalic acid were added as crystalline solids [14, 15] . This was satisfactory in the published cases of catfish and milk, since these matrices are largely aqueous and distributed the chelators evenly over the silica during trituration. In our case, this did not happen, and the recovery of OTC in spiked blank extender patty samples was low and uneven (1.25-2.08 mg recovered of 2.0 mg spike, mean recovery 1.80 ± 0.36 SD for 22 samples). Attempted dissolution of EDTA disodium salt and oxalic acid in water/ethanol failed, as disodium EDTA had insufficient solubility. EDTA acid (1.96 g), oxalic acid (2.5 g) and KOH (2.16 g) were dissolved by heating in water (45 mL) and ethanol (50 mL). C 18 silica gel (100 g) was added and the slurry was dried on a rotary evaporator. Use of this silica mixture gave recoveries of 'OTC' that were higher than expected by about 10%, but the peak was asymmetrical, with the major part occurring about 0.15 min before the retention time for OTC, with a shoulder representing OTC. It seemed at the time that the treated silica was causing decomposition of OTC. The 'decomposition product' was not identified, but comparison with standards indicated that it was not β-apo-OTC or 4-epi-OTC. An alternative explanation was later found, see below.
C 18 silica filter-coated with the dipotassium salt of EDTA gave better results. A 'standard patty' was prepared from sucrose (67 g), Crisco (33 g), BHT (100 mg), and OTC hydrochloride (500 mg). Four analyses of this 'standard' patty (4.97 mg/g OTC hydrochloride) gave recoveries ranging from 4.76 mg/g to 4.91 mg/g (mean ± SEM 4.82 ± 0.03, mean ± SD 4.82 ± 0.06) for four samples for a mean recovery of 97.0%.
For early runs the solvent mixture used was methanol-acetonitrile-0.01 M oxalic acid (20:30:50 by volume) [19] at 0.7 mL/min. Later experiments used 0.7 mL/min of the same solvents at a ratio of 30:45:25, which gave longer retention time and baseline separation from a small peak preceding the OTC peak. With this eluent mix, however, the separation of OTC from other tetracyclines was inferior to that given by the 20:30:50 mix. The objectives of the analysis and the possible presence of other tetracyclines would determine the eluent mixture chosen.
One phenomenon was observed with this system, however; the retention time of the standard OTC solutions was different from the retention times of the material eluted from the columns. It is likely that this is related to the 'decomposition' discussed above. Four injections of patty analyte gave a retention time of 4.220 ± 0.014 min (mean ± SD) and an OTC standard gave retention time 4.408 ± 0.022 min. The width at half height for both was 1.5 mm, corresponding to 9 seconds. An approximately 1:1 mixture of the two samples, however, gave a single peak with a retention time of 4.310 ± 0.014 min, with the same half width. reductions to 4.05 and 3.62 min, but a second broad peak at longer retention time appeared. Elution of 2.5 g of EDTA-treated silica gave 15.6 mg of residue, which from the observed curve would be expected to reduce the retention time by 0.2 min. The observed reduction was 0.19 for the run cited at the beginning of the paragraph, and 0.21 min for standards run on the same day as the EDTA curve.
OTC contents of purchased extender patty mixes from Manufacturer A were consistent with the labeled dose of 1000 mg/ patty (nominally 170 g) when purchased from several distributors. A second manufacturer did not list a concentration on the label, and the concentration found was less than in Manufacturer A's product. These data are shown in Table I . These data are subject to several assumptions: when we received them the patties were new or had been stored under conditions where no decomposition occurred and that no decomposition occurred during our storage at 5 °C.
OTC content of extender patties decreased slowly with length of storage at room temperature. Data are shown in Table I as well as in Figure 2 . The time for 25% decrease is about 75 months (about 4%/year).
The OTC content of both commercial mixes was within the recommended ranges for foulbrood control, and the slow decomposition at room temperature suggests that correctly-mixed or commercially-prepared If there were two compounds present, there should be two peaks, or at least a broadening of the peak, since the separation is significantly greater than the peak width. Changing the solvent composition of the standard had no effect on the retention time, but addition of EDTA to the standard reduced retention time proportionally to amount added. To 50 mL of OTC standard solution containing 2.5 mg of OTC hydrochloride were added amounts of dipotassium EDTA (as a 0.5 M solution in water) from zero to 80 mg (Fig. 1) patties, stored at room temperature or below, should retain adequate antibiotic activity for several years. Storage at elevated temperatures (for example, in a closed shed out in the sun during the summer) would be expected to lead to more rapid inactivation. Low dosages of OTC are more likely to result from patties improperly mixed by beekeepers, improper storage conditions, or from incorrect placement within the hive. Since only part of the patty is consumed, the rest being discarded by the bees, the position in the hive is important. Wilson et al. [23] report that 'Adult bees apparently removed the patty, not because they enjoyed eating it, but rather because it was in their way and annoyed them'. Whenever low concentrations of active ingredient are present over a long period of time, whether from patty composition (for whatever reason) or from placement in the hive in a location where the bees take a long time to remove the patty, the chance of resistance is increased. 
Résumé
